Two experiments (EXP 1 and EXP 2) were conducted to compare soybean oil (SO) and semi-refined rice oil (RBO) added to broilers diets. In EXP 1, 400 male Ross x Ross 308 broilers were reared in battery cages, and their performance was evaluated. A metabolism assay was performed. In EXP 2, 1344 broilers from the same strain were reared in floor pens with rice husks litter. In addition to performance, carcass yield and meat oxidative stability were evaluated. In both EXP, birds were distributed in a 2x4 factorial arrangement, with two types of oils (SO or RBO) and four oil inclusion levels (1%, 2.5%, 4%, or 5.5%). Two periods were considered: starter (1 to 21 days of age) and grower (22 to 42 days). In both EXP, oil type had no influence on starter performance. Although treatments promoted similar in weight gain (WG) and feed intake (FI), grower birds fed RBO had better feed conversion (FCR) in EXP 2, but not in EXP1. In both trials, increasing dietary oil levels negatively influenced FI and positively FCR. Weight gain was similar among all treatments in EXP 1, whereas in EXP 2, WG was higher when 4 and 5.5% oil was included in the feed. RBO presented 94% fat metabolizability, and crude energy and metabolizable energy levels of 9.260 and 8.714 kcal/kg, respectively. Carcass yield was not influenced by oil type; however, oil inclusion level negatively affected breast yield. The experimental treatments had no effect on meat oxidative stability. RBO can be used as an alternative to soybean oil in broilers diets.
INTRODUCTION
The inclusion of oil in broiler diets increases dietary energy density, improves feed palatability, reduces feed dust, and improves feed conversion ratio (Lara et al., 2005) and weight gain (Raber et al., 2008) .
Soybean oil is the most commonly included oil in broiler feeds, but other oils can also be used as energy source, such as rice oil. In addition of having higher levels of tocopherols, tocotrienols, and phytosterols, which are responsible for higher resistance to oxidation and spoilage (Paucar-Menacho et al., 2007) , as compared to soybean oil, another possible advantage is that it contains gamma-orizanol, a complex blend of ferulic acid with phytosterols and tripternic alcohols (Souza et al., 2005) . Due to its antioxidant action (Juliano et al., 2005) , gamma-orizanol is applied in anti-aging therapies. In humans with excessive cholesterol blood levels, rice oil reduced total cholesterol levels and LDL/HDL ratios (Berger et al., 2005; Scavariello et al., 1998) . This effect was also observed in hamsters (Wilson et al., 2007) . Although several studies show the action of rice oil against cardiovascular disorders, the compounds responsible for cholesterol reduction and their modes of action are not precisely known yet. Gobesso et al. (2007) observed that stallions fed semi-refined rice oil rich in gamma-orizanol had better body condition score and higher weight gain as compared to those fed soybean oil. According to the study of Fry et al. (1997) in humans, the gamma-orizanol complex is capable of increasing lean muscle mass, improving recovery after exercises, and reducing body fat, and therefore it is a natural alternative to anabolic steroids. As to fatty acid composition, soybean oil contains more linoleic and linolenic acid, whereas rice oil contains more oleic acid, being richer in monounsaturated fatty acids.
Many studies were performed with gammaorizanol, but no results have been yet reported relative to the performance of broilers fed rice oil. In the present study, two experiments were carried out to evaluate the potential replacement of soybean oil with semirefined rice oil using performance, metabolism, meat oxidative stability, and carcass yield responses of broilers fed different levels of soybean soapstock or semi-refined rice oil.
MATERIAL AND METHODS

Two experiments were carried out
In the first trial (EXP 1), 400 one-day-old male Ross 308 chicks were housed in battery cages in an environmentally-controlled room maintained at thermal-comfort temperatures. Each cage, measuring 0.72m 2 , housed 10 birds. At 21 days of age, birds were transferred to 0.84-m 2 cages, and at 28 days, two birds per cage were randomly removed to allow adequate space for bird development.
In the second trial (EXP 2), 1344 one-day-old chicks of the same genetic strain were housed in an experimental poultry house divided into 48 floor pens with rice husks litter, containing 28 birds each, and equipped with a drinker, a tube feeder.
In both trials, feed and water were offered ad libitum, and lights remained on 24 hours per day.
Two types of oil (semi-refined rice oil, soybean soapstock) were compared at four dietary inclusion levels (1%, 2.5%, 4%, 5.5%) in two different diets (starter -1 to 21 days of age; and grower -22 to 42 days of age). Diets were formulated to contain the nutritional levels recommended by the Brazilian Tables  for Poultry and Swine (Tabelas Brasileiras para Aves e  Suínos, 2005) . Diets contained equal protein levels, and were different only as to the level of added oil, i.e., contained different energy levels. All birds were fed the same basal diets, which varied only as to oil type and level. When formulating the basal diet, a metabolizable energy value of 8790kcal/kg was used for both oils (Tabelas Brasileiras para Aves e Suínos, 2005).
Bird weight and feed intake were weekly determined During EXP 1, when birds were 26 to 29 days of age, a metabolism assay was carried out in the same facilities using the method of total excreta collection, with pre-fasting and post-feeding periods of six hours. Excreta samples were dried in a forced-ventilation oven at 60
o C for at least 72 hours, and subsequently ground. Feeds and excreta were analyzed according to the AOAC (1993) procedures for the determination of crude fat and dry matter contents. These values were used to calculate the coefficients of metabolizability of the added fats (CMAF), as well their metabolizable energy content (MEAF), according to the method described by Henn et al. (2004) .
In EXP 2, at day 42, two birds/pen, representing the average weight of each experimental unit, were sacrificed to determine carcass yield and the yield of selected cuts (breast, thighs, legs). Samples of the thighs of each bird were collected and submitted to the Animal Product Analysis Laboratory of the Federal University of Rio Grande do Sul (UFRGS), Brazil.
Birds were distributed in a completely randomized experimental design in a 2 x 4 factorial arrangement, i.e., two types of oil and four inclusion levels. Five and six replicates per treatment were used in EXP 1 and 2, respectively.
In both experiments, weight gain (WG), feed intake (FI), feed conversion ratio (FCR), mortality, and biological efficiency -understood as the comparison of performance curves of birds fed graded levels of each oil, were analyzed. In EXP 1, metabolism responses were applied to the Lucas test (Van Soest, 1994) in order to calculate the coefficient of metabolizability of rice oil fat. The response was obtained using analysis of regression, with the percentage of fat added to the diet as independent variable (X) and the coefficient of metabolizability of the crude fat in the corresponding diet as dependent variable (Y). Slope corresponded to rice oil metabolizability (M RBO ).
Rice oil metabolizable energy (ME) was calculated according to the following formula: ME RBO = M RBO * GE RBO , where M is the coefficient of metabolizability of the oil, and GE is the gross energy of the oil, obtained in a calorimetric bomb.
The obtained data were submitted to analysis of variances and means were compared by the LSMean In the starter, grower, and total experimental period, rice oil and soybean oil promoted similar bird performance.
As to oil inclusion levels (1 to 5.5%), independently from oil type, increasing oil inclusion had a negative effect on feed intake and a positive effect on feed conversion ratio. This result was expected, as feeds were formulated to have increasing levels of metabolizable energy as a function of the higher levels of added fat. Responses observed in the grower period were very similar to those in the starter period (Table 3) .
Also in EXP 2, no interaction was found between oil type and inclusion levels for the evaluated parameters.
In the starter period, oil type did not significantly influenced performance. However, in the grower period, despite presenting similar WG and FI, birds fed semi-refined rice oil had better FCR (p<0.06).
Increasing inclusion oil levels, independent of type, promoted lower FI, higher WG, and consequently better FCR both in the starter and in the grower periods (Table  4) .
As other warm-blooded animals, birds ingest feed to supply their energy needs and to maintain their body temperature. Therefore, it is expected, when dietary energy increases, that animals decrease their feed intake (NRC, 1994) , as shown in both present experiments. However, when the trials were compared, in EXP 1, higher dietary energy levels reduced FI, but did not affect BW or WG, whereas in EXP 2, the higher energy, in addition to reducing FI, improved WG and BW. The responses of WG increase and FCR improvement associated with dietary fat supplementation may be attributed to the extra-caloric effect of fat, which results in better energy efficiency due to the increase in dietary net energy. However, when only FCR improves and there is no increase in WG, as observed in EXP 1, there is only a mathematical advantage, as FCR always improves when FI is reduced at the same weight gain. In this case, price per kg feed would be essential to define if it is worthwhile to supply higher energy feeds, although Leeson & Summers (1997) and Sakomura et al. (2004) state that, despite the small performance effects, there may subtler changes in fat composition.
Other factors, in addition to dietary energy, may influence feed intake, such as bird density, feeder availability, environmental temperature, and genetic strain.
According to Leeson & Summers (1997) , one of the most remarkable traits of modern broiler strains is their
RESULTS AND DISCUSSION
In EXP 1, there was no significant interaction between oil type and inclusion levels for the evaluated parameters. Therefore, only the main effects will be discussed. test, using the GLM module of SAS (1985) statistical package. Oil levels relative to oil types were submitted to analysis of regression using the slope-ratio technique, allowing the interpretation of the biological efficiency of the semi-refined rice oil in replacement of soybean oil. capacity to adequately respond to a wide range of diets. Those authors also say that this "adaptability" is mostly due to their avid appetite, which makes these modern birds respond less to changes in dietary energy levels than their ancestors. Sakomura et al. (2004) , using 22-to 43-day-old broilers and three ME levels, observed that energy levels did not affect FI, but WG and FCR significantly improved when energy levels increased. On the other hand, Vieira et al. (2002) , working with 4 and 8% dietary oil inclusion, verified a significant change only in FCR, and not in WG or FI, whereas Raber et al. (2008) , using diets with increasing oil levels, found that birds adjusted their FI, reducing it (p<0.01). Longo (2000) suggests that birds present lower feed utilization as intake increases due to the lack of efficiency of the digestive enzymes, and consequently, lower nutrient absorption, which was not observed in the present study. It must be noted that in both experiments, the inclusion of up to 5.5% oil had no negative effect on broiler performance during the starter phase. The idea that broilers are not capable of properly using fats in the beginning of their lives, because they have immature enterohepatic circulation, lower lipase activity, and lower apparent digestibility of lipids (Leeson & Summers, 1997; Nir et al., 1993; Frizzas et al., 1996; Zelenka et al., 2000) , was not evidenced as performance loss due to the addition of oil in our experiments.
The results of the present study, as well as those of Raber et al. (2008) and Vieira et al. (2002) , showed that modern broiler strains have high capacity of utilizing dietary fat. Dietary fat utilization improves as the digestive system matures; however, already in the starter phase, broilers presented excellent use of this nutrient.
As to the comparison between the two oils used in the present trials, there are no published studies on their effects on broiler performance. However, Zanini et al. (2006) found that broilers fed canola oil were heavier at 45 days of age than those receiving soybean oil, which shows that vegetable oils may be utilized Table 3 . Body weight (kg), feed intake (kg), weight gain (kg), and feed conversion ratio of broilers fed diets containing rice oil or soybean oil in 1 to 5.5 inclusion levels (EXP 1). differently. In the present study, only the FCR of grower broilers in EXP 2 was better when rice oil was supplied, but this difference was not observed in the starter phase or in the total experimental periods. Metabolism responses in EXP 1 show that the metabolizability of dietary dry matter and fat were not influenced by oil type (Table 4) . However, increasing oil levels had significant and positive effects on CMDM (p<0.01) and CMCF (p<0.0001), demonstrating the beneficial effect of increasing fat inclusion on diet utilization, independently of the type of oil included (Table 5 ). Raber (2008) and Vieira et al. (2002) also found the dietary fat utilization increased with oil inclusion levels up 5.5 and 8%, respectively. Therefore, increasing the use of fats in diets, independently of the type of oil, have beneficial effects. Fat increases digesta retention time, increasing the time of contact between digestive enzymes and the digesta, consequently improving feed digestibility. Table 5 . Coefficient of metabolizability of dry matter (CMDM) and coefficient of apparent metabolizability of crude fat (CMCF) of broiler diets containing rice oil or soybean oil at 1 to 5.5% inclusion levels, in the period of 28 to 30 days of age (EXP 1).
CMDM (%)
CMCF ( (Van Soest, 1994) . In this equation, the "b" value represents the metabolizability of semi-refined rice oil, which was 94%. The crude energy of this oil, obtained in calorimetric bomb, was 9260 kcal/kg. Therefore, the metabolizable energy value suggested for the formulation of broiler feeds is of approximately 8700 kcal/kg. This value is difficult to compare as neither in the Brazilian Tables for Poultry and Swine (2005) , nor the Poultry NRC (1994) present ME values for this oil.
In EXP 2, there was no difference in carcass yield when the two oils were compared (Table 6 ), whereas increasing dietary oil levels negatively influenced breast yield, but did not affect the other parts. The obtained carcass yield results are similar to those reported by Anitha et al. (2006) , who used increasing rice oil levels (0, 1, 2, 3, 4, or 5%) and also did not find any differences in the carcass yield of 42-day-old broilers. Nevertheless, those authors observed a linear decrease in thigh cholesterol level as rice oil level increased. Andreotti et al. (2004) also did not detect differences in carcass, breast, thighs+leg yields of broilers fed up to 9.9% soybean oil, as well as Tabeidian et al. (2005) , who observed no influence of soybean oil inclusion levels (0, 2.5, 5, and 7.5%) on carcass yield. As to parts yield, the only difference between the mentioned studies and the present experiment was in breast yield. In the present trial, as opposed to those studies, breast yield decreased as dietary oil inclusion level increased. This may be explained by the fact that, due to the consumption of diets richer in energy, more fat is deposited in the carcass, and therefore breast weight relative to total carcass weight is reduced. Another possible explanation is that, as amino acid levels were maintained constant among treatments, birds fed the higher energy diet had lower feed intake, and therefore lower amino acid intake, resulting in lower breast muscle accretion. Meat oxidative stability was not affected by oil type or inclusion levels (Table 7) . There are no studies in literature comparing meat oxidative stability of broilers fed diets containing soybean oil or rice oil, but Zanini et al. (2006) , working with the dietary addition of soybean oil or canola oil, did not find any difference in the oxidative stability of thigh or breast meats. The hypothesis that rice oil, as it contains gamma-orizanol, which is an antioxidant, could influence this parameter, was not confirmed. Table 7 . TBARS mean values (mg malondialdehyde/kg sample) in the thigh meat of broilers fed diets containing rice oil or soybean oil at 1 to 5.5% inclusion levels (EXP 2). 
CONCLUSIONS
As semi-refined rice oil resulted similar responses in the evaluations made, and also promoted better feed conversion ratio during the period of 22 to 42 days of age, it may be used as an alternative to soybean soapstock in broiler diets. No advantage as to the antioxidant capacity of rice oil was demonstrated.
